
Abstract. Background/Aim: Head and neck cancer is a
major malignancy worldwide. The treatment strategy for
head and neck cancer usually involves radiotherapy. The
main side effect of radiotherapy is radiation dermatitis.
Thus, determining the most effective topical regimen for the
prevention of radiation dermatitis in head and neck cancer
patients is a critical issue. Patients and Methods: PRISMA-
NMA guidelines were used in this network meta-analysis. We
included only randomized control trials. A random effects
model was used. Heterogeneity was evaluated by I2 and
Cochran’s Q tests. Results: We included a total of 1,304
patients in the network meta-analysis. Among them, olive oil
was the only effective regimen when compared with usual
care (OR=0.18, 95%CI=0.03-0.95). The I2 value was 56%.
The test of heterogeneity yielded a p-value of 0.10.
Conclusion: Olive oil was the most effective regimen for the
prevention of radiation dermatitis.

Head and neck cancers are a major malignancy worldwide
and include nasopharyngeal, oral cavity, oropharyngeal,
hypopharyngeal, and laryngeal cancers. The global burden
of head and neck cancer has been increasing (1). Treatment
strategies for head and neck cancer include radiotherapy,
chemotherapy, targeted therapy, immunotherapy, and surgery.
Following radiotherapy for head and neck cancer, the most
common side effects in cancer survivors are radiation
dermatitis and oral mucositis (2).

Radiation dermatitis (RD) usually appears within a few weeks
after the start of radiation therapy. Despite advances in
radiotherapy techniques, skin reactions are still inevitable.
Specifically, approximately 85% of radiated patients with head
and neck cancer develop moderate to severe skin reactions (3),
the severity of which can be evaluated using the Common
Terminology Criteria for Adverse Events proposed by National
Cancer Institute (NCI-CTCAE) criteria (4) or the Radiation
Therapy Oncology Group (RTOG) criteria (5). Early symptoms
include generalized erythema, dry desquamation, pruritus,
epilation, scaling, dyspigmentation, and hair loss (6). Radiation
dermatitis can affect the patient’s quality of life. When symptoms
are severe, radiation therapy may even need to be interrupted.

Because radiation dermatitis may interfere with the course
of radiation therapy, it is common in clinical practice to
adopt prophylactic interventions prior to the onset of
radiation dermatitis; such prophylaxis consists of general
skin care measures and topical agents (7, 8). The main
topical agents used in clinical practice include topical
corticosteroids, trolamine, Aloe vera, sucralfate, or
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hyaluronic acid. Most of the studies investigating this issue
use different interventions, but the effects are still
controversial, thus finding safe and effective prevention
strategies is a priority for clinicians and patients.

Although few systematic reviews have reported whether
each specific regimen may alleviate radiation dermatitis in
patients with head and neck cancer (9, 10), there is a lack of
studies demonstrating cross-intervention comparisons between
different prevention strategies for radiation dermatitis. Since
determining the most effective topical regimen for the
prevention of radiation dermatitis in head and neck cancer
patients is critical, we conducted this network meta-analysis
to identify the most effective prophylactic regimen.

Patients and Methods
Study protocol. This study was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline for Network Meta-Analyses (NMA) (11). We

registered this meta-analysis on the International Prospective Register
of Systematic Reviews (PROSPERO) (CRD: CRD42021282759).

Literature search. Three authors (CHH, MYW, and YCW)
independently queried three electronic databases, including
PubMed, Cochrane, and Embase, from inception to October 2021.
Inconsistency among the search results was resolved by
consensus. We set the keywords as [(head and neck cancer) OR
(head and neck neoplasm) OR (head and neck tumor) OR (head
and neck carcinoma) OR (nasopharyngeal cancer) OR
(oropharyngeal cancer) OR (oral cavity cancer) OR (laryngeal
cancer) OR (hypopharyngeal cancer)] AND [(radiodermatitis) OR
(radiation dermatitis) OR (radiodermatitis) OR (skin toxicity) OR
(skin reaction) OR (skin damage) OR (skin reactions)) AND
((prevention) OR (prophylaxis)] (9). We also checked the
references of related articles for additional studies.

Inclusion and exclusion criteria. The systematic review included: 1.
studies investigating the topical prevention of radiation dermatitis in
head and neck cancer patients; 2. randomized control trials; 3. human
studies; 4. studies written in English. After including articles meeting
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Table I. Characteristics of included studies in the systematic review.

Study name            Pt No             Tumor type              RT technique                    Radiation Intervention Control
Year/Nation                                       (Most)                                                                  dose

Abbas (13)                30                  LC (40%)                    3D-CRT                   All above 64 Gy Trolamine  Usual care
2012 EG                                                                                                                           emulsion, TID
Chou (14)                 30                 OC (57%)                      IMRT                        mean: 67 Gy NS-21 cream, Aloe vera gel, TID
2019 TW                                                                                                                          TID
Cui (15)                    94               NPC (100%)                    IMRT                              70Gy Olive oil, Usual care-
2015 CH                                                                                                                          TID general skin care
Elliott (16)               331               OPX (46%)                       Not                          >60Gy:80% Trolamine Usual care-
2006 CA                                                                          mentioned                               emulsion, TID standard of care
Ferreira (17)             48                 OC (40%)                    3D-CRT                    median: 70 Gy Chamomile Urea Cream
2020 BZ                                                                                                                           gel
Ingargiola (18)         40                NPC (38%)                   3D-CRT                 Definitive: 70 Gy; Xonrid® gel, Usual care-
2020 IT                                                                                                            adjuvant: 60-66 Gy TID Standard of care
Chan (19)                197               OPC (46%)                    VMAT                            50 Gy StrataXRT®, Usual care-Sorbolene, 
2019 AU                                                                                                                          BID BID or more
Menon (20)             150                OC (49%)                   2D/IMRT                Definitive: 66 Gy; Topical betamethasone Usual care-
2020 IN                                                                                                              adjuvant: 60 Gy valerate cream, QD supportive care
Palatty (21)               50                 OC (74%)              EBRT(LINAC)                mean: 67 Gy Vicco® turmeric Usual care-
2014 IN                                                                                                                            cream, O.D. JBO, O.D.
Rades (22)                57                OPC (42%)                    VMAT                   50 Gy with boost Mepitel Film Usual care-
2019 GE                                                                                                                           standard care
Rao (23)                   60                 OC (43%)              EBRT(LINAC)                mean: 68 Gy Aloe vera-based Usual care-
2017 IN                                                                                                                            cream, O.D. JBO, O.D.
Schneider (24)          51                  LC (33%)                       Co60                         mean: 69Gy Calendula BID Usual care-EFA,
2015 BZ                                                                                                                           BID
Tao (25)                    68                OPC (42%)                   3D-CRT                    median: 70 Gy A regenerating Usual 
2017 FR                                                                                                                           agent (RGTA®) care-Placebo
Yokota (26)             203               OPC (31%)             3D-CRT/IMRT              median: 70 Gy Steroid-topical Usual 
2021 JP                                                                                                                            steroid at least QD care-Placebo

EG: Egypt; TW: Taiwan; CH: China; CA: Canada; BZ: Brazil; IT: Italy; IN: India; GE: Germany; FR: France; JP: Japan; Pt No: patient number;
LC: Laryngeal cancer, OC: oral cavity cancer; OPC: oropharyngeal cancer; NPC: nasopharyngeal cancer; RT tech: radiotherapy technique; 2D: 2D-
RT; 3D-CRT: 3D-conformal radiotherapy; IMRT: intensity modulated radiotherapy; EBRT: external beam radiotherapy; LINAC: linear accelerator;
VMAT: volumetric modulated arc therapy; QD: Once a day; BID: twice a day; TID: three times a day; O.D.: five times a day; JBO: Johnson’s Baby
Oil; EFA: essential fatty acids.



the above-mentioned criteria, articles that were: 1. case reports, case
series, cohort studies, case-control studies, nonrandomized clinical
trials, and self-control trials; 2. studies evaluating radiodermatitis of
patients with other cancer (breast cancer, skin cancer, etc.), 3.
without available full text; 4. conference posters; 5. conducted on
pediatric patients, were excluded.

Data extraction. Three authors (CHH, MYW, and YCW)
independently extracted data from the included studies; when there
was a discrepancy, a senior author (YSK) was consulted. The primary
endpoint was set as grade 3 or more radiation dermatitis. Since the
RTOG radiation dermatitis grading and CTCAE radiation dermatitis
grading are similar, we viewed both as equivalent (4, 5). A second
endpoint was set as the occurrence of grade 2 or more radiation
dermatitis. We extracted the data according to the intention-to-treat
analysis. The most severe radiation dermatitis grade was collected.
Other information, including the author, year of publication, nation
in which the study was conducted, patient number, details of
treatment, cancer type, and study duration were also extracted.

Statistical analysis. Generalized linear mixed models (GLMMs)
were used to conduct network meta-analysis with the restricted
maximum likelihood method for estimation. The p score was used
to evaluate the ranking of the included treatment modalities. We
checked the evidence inconsistency if there was a closed loop in the
network. The heterogeneity among the studies was evaluated by
using I2 and Cochran’s Q tests.

Statistical analysis was undertaken by using statistical software
R (version 3.6.1) within the R studio environment (Version
1.2.5019). A p-value less than 0.05 was considered significant. For
Cochran’s Q test, the p-value threshold was set as 0.10, according
to the recommendation from Cochran’s handbook (12).

Bias analysis. The risk of bias (ROB) tool was used to evaluate the
quality of the included randomized controlled trials. CHH and
MYW evaluated the risk of bias independently using a standardized
protocol, and YCW made the final decision when disagreement
occurred. The ROB figure was generated by Revman 5.4. A funnel
plot and Egger’s test was used to evaluate publication bias.
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Figure 1. PRISMA flowchart for the systematic review.



Results

A total of 615 articles were initially identified from the three
databases. A total of 145 articles were excluded as
duplicates. An additional 207 articles were excluded after
initial screening. A total of 249 articles were excluded after
eligibility was assessed.  Fourteen articles remained in the
final review. The article collection flowchart is shown in
Figure 1. The characteristics of the included articles are
demonstrated in Table I.

Network meta-analysis. A total of 1,304 patients were
included in our network meta-analysis. The network plot is
shown in Figure 2. Twelve studies were involved in the final
meta-analysis. One article was excluded from the final meta-
analysis due to the absence of grade 3 side effects (17). One
article reported results, but the study was terminated early
(22). A total of 11 treatment arms were involved in this meta-
analysis. When compared with the usual care, only olive oil
showed significantly better prevention ability (OR=0.18,
95%CI=0.03-0.95). The I2 was 56%, and the test of
heterogeneity showed a p-value of 0.10. The statistical
results are shown in Figure 3.

P score ranking. The p-scores of the included treatment arms
were as follows: Vicco® turmeric (0.8470), calendula
(0.7565), Aloe vera (0.6687), Xonrid® gel (0.6403), usual
care (0.5873), RGTA® (0.5643), trolamine (0.4460), steroid
(0.3617), StrataXRT® (0.2922), NS-21 (0.2384), and olive
oil (0.0976). From the p score ranking, we can conclude that
olive oil has the best prevention abilities among the included
treatment regimens.

Bias analysis. The risk of bias in the included studies is
summarized in Figure 4 and Figure 5. Six studies were
considered at high risk of bias because one or more items
were assessed as high risk. Seven studies were rated as
unclear risk of bias because one or more criteria were
deemed unclear. One study was considered at low risk of
bias because all domains received an evaluation of low risk.
The overall quality of the studies was medium. Publication
bias was evaluated by a funnel plot, and the results are
shown in Figure 6. From the funnel plot, we can conclude
that there is no publication bias in this meta-analysis.

Discussion

To our knowledge, this study is the first network meta-
analysis of the topical prevention of radiation dermatitis in
head and neck cancer patients. After screening for available
clinical trials and observational studies, based on findings in
the present systematic review and network meta-analysis, the
most effective regimen for the prevention of radiotherapy-
induced dermatitis is suggested to be olive oil.

Treatment strategies differ for each type of cancer, and
different areas of the body have different sensitivity to
radiation. The risk factors for radiation dermatitis include
body site, comorbidity, lifestyle, concurrent chemotherapy,
and radiation dose and duration (27). The pathology and
mechanism of radiation dermatitis are not fully understood.
Radiation-induced fibrosis, changes in skin lipid metabolism,
apoptosis, and changes in the neovascularization process
may be involved (28). To find appropriate preventive
strategies, understanding the possible risk factors and
pathological mechanisms is important; however, there is still
a lack of research confirming which preventive strategies are
the most effective.

Olive oil is a widely available treatment regimen. A
previous study showed that olive oil is also effective in the
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Figure 2. Network plot of included treatments in the network meta-
analysis.

Figure 3. Forest plots of the network meta-analysis.



prevention of radiation dermatitis in breast cancer patients
(29). Since the mechanism of radiation dermatitis is similar
in nasopharyngeal cancer and breast cancer, the effect of
olive oil is more convincing.

According to our network meta-analysis, NS-21, RGTA®,
StragtaXRT, Vicco® turmeric, Aloe vera, calendula, Xonrid®
gel, trolamine, and steroids were not statistically significant
in reducing radiation dermatitis in patients with head and
neck cancer, and further studies are needed to verify their
effectiveness.

Aloe vera is a natural anti-inflammatory treatment that can
relieve skin discomfort, but there is insufficient evidence that
Aloe vera can reduce severe radiation-induced skin damage
(30). Trolamine is a commonly used agent in the prevention
of radiation dermatitis. However, a previous meta-analysis
showed that trolamine is not effective in preventing radiation
dermatitis in breast cancer and head and neck cancer patients
(31). Our network meta-analysis confirms that Aloe vera and
trolamine are not effective in preventing radiation dermatitis
in head and neck cancer patients.

Topical steroids have anti-inflammatory effects. According
to a previous meta-analysis, topical steroids are thought to
improve wet desquamation and radiation dermatitis scores
(32). However, in patients with head and neck cancer, topical
steroids are considered to cause skin thinning and bacterial
infections and are not recommended (33). In our study, the
effects of topical steroids were not statistically significant in
preventing moderate to severe radiation dermatitis in patients
with head and neck cancer. More evidence is needed to
determine whether topical steroids are effective in preventing
radiation dermatitis in patients with head and neck cancer.

Mepitel Film, a soft silicone dressing, showed a reduction
in the incidence of radiation dermatitis in patients with breast
cancer (34), but a randomized clinical trial (RCT) on the
prevention of radiation dermatitis in head and neck cancer
patients was terminated early because 46.4% of the patients
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Figure 4. Risk of bias item presented as percentages across all included studies.

Figure 5. Risk of bias item for all included studies.



could not tolerate Mepitel® Film (22). Compared to urea,
chamomile may have an effect in delaying grade 2 radiation
dermatitis, but more studies are needed to verify its effect (17).

The strength of our study is that we only studied radiation
dermatitis in patients with head and neck cancer and only
included RCTs with high levels of evidence. Second, we
conducted a comprehensive search of the literature with two
independent reviewers to assess the quality of the studies and
to reduce any potential bias. 

There are some limitations to this network meta-analysis.
First, the usual care in each study may have differed.
However, in most of the studies, the usual care was thought
to be ineffective. The clinical studies were conducted to
improve the efficacy of prevention measures. As a result,
viewing all usual care as the same is reasonable. Second,
although all RCTs were considered reasonable in terms of
quality, some studies had small sample sizes. Third, most of
the comparisons in the network meta-analysis were indirect.
More head-to-head studies are needed in the future to
compare the effects of different treatments.

Studies of topical agents used in the prevention of radiation
dermatitis in patients with head and neck cancer should

include larger sample sizes and placebo controls to confirm
the effectiveness and safety of the interventions in patients.
Continuous evaluation of appropriate skincare and prophylaxis
is important, and future studies should ensure randomization,
blindness, and intention-to-treat using appropriate methods to
reduce the possible risk of bias. In addition, trials should use
appropriate control groups to assess outcomes. More high-
quality RCTs are needed in the future to confirm these results.

Conclusion

Our results indicate that olive oil is the most effective
treatment for the prevention of radiation dermatitis in head
and neck cancer patients. However, there is inadequate
evidence to make any recommendation about prevention
strategy. Further large-scale, high-quality RCTs are needed
to evaluate the efficacy of the prevention of radiation
dermatitis in head and neck cancer patients.
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Figure 6. The funnel plot for the network meta-analysis.
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